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('utilisation de ces membranes dans des cellules electrolytiques et dans des piles a combustibles 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

The solid-state polymer electrolyte membrane which contains a stable proton conductivity polymer at the 
temperature exceeding 1.100 degrees C. 

2. Solid-state polymer electrolyte membrane according to claim 1 said whose proton conductivity polymer is 
basic polymer which doped strong acid on at least 200-mol% acid doping level. 

3. Solid-state polymer electrolyte membrane according to claim 2 said whose basic polymer is what is 
chosen from group which consists of poly PENZU imidazole, Pori (pyridine), Pori (pyrimidine), poly 
imidazole, polybenzothiazole, poly benzooxazole, polyoxadiazole, poly quinoline, poly quinoxaline, poly 
thiadiazole, Pori (tetra-ZAPIREN), poly oxazole, poly thiazole, polyvinyl pyridine, and polyvinyl imidazole. 

4. Solid-state polymer electrolyte membrane according to claim 2 said whose basic polymer is what is 
chosen from Pori (pyrimidine), poly imidazole, poly benzooxazole, Pori (pyridine), and group that consists 
of poly PENZU imidazole. 

5. Solid-state polymer electrolyte membrane according to claim 2 said whose basic polymer is poly PENZU 
imidazole. 

6. Solid-state polymer electrolyte membrane according to claim 2 said whose basic polymer is aromatic 
series polymer. 

7. Solid-state polymer electrolyte membrane according to claim 2 said whose strong acid is sulfuric acid or 
phosphoric acid. 

8. Solid-state polymer electrolyte membrane according to claim 1 said whose proton conductivity polymer is 
acid polymer. 

9. Solid-state polymer electrolyte membrane according to claim 8 said whose acid polymer is what is chosen 
from group which consists of sulfonic-acid polymer, phosphoric-acid polymer, and boron acid polymer. 

10. The solid-state polymer electrolyte membrane according to claim 8 said whose acid polymer is a 
sulfonic-acid polymer. 

The high temperature form proton conductivity polymer containing the basic polymer which constitutes 
strong acid and complex which can conduct a proton at the temperature exceeding 1 1.100 degrees C. 

12. The high temperature form proton conductivity polymer according to claim 1 1 said whose basic polymer 
is an aromatic series polymer. 

13. The high temperature form proton conductivity polymer according to claim 1 1 said whose basic polymer 
is what is chosen from the group which consists of the poly PENZU imidazole, Pori (pyridine), Pori 
(pyrimidine), the poly imidazole, polybenzothiazole, the poly benzooxazole, polyoxadiazole, the poly 
quinoline, the poly quinoxaline, poly thiadiazole, Pori (tetra-ZAPIREN), the poly oxazole, the poly thiazole, 
polyvinyl pyridine, and polyvinyl imidazole. 

14. The high temperature form proton conductivity polymer according to claim 1 1 said whose basic polymer 
is what is chosen from Pori (pyrimidine), the poly imidazole, the poly benzooxazole, Pori (pyridine), and the 
group that consists of the poly PENZU imidazole. 

15. The high temperature form proton conductivity polymer according to claim 1 1 said whose basic polymer 
is the poly PENZU imidazole. 

16. The high temperature form proton conductivity polymer according to claim 1 1 said whose strong acid is 
a sulfuric acid or a phosphoric acid. 

17. They are hydrogen or a direct methanol mold fuel cell, (a) anode (b) cathode (c) Fuel cell equipped with 
the basic polymer electrolyte membrane which conducts a proton at the temperature exceeding 100 degrees 
C and which was doped with the acid. 
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18 Said polymer electrolyte membrane is the hydrogen according to claim 17 or the direct methanol mold 
fuel cell which is what shows low fuel permeability. 

ILT'^T 11 accordin S "? 17 or the direct methanol mold fuel cell guided from the basic polymer 
chosen from the ; group to which the basic polymer electrolyte doped with the aforementioned acid changes 
from the poly PENZU imidazole, Pori (pyridine), Pori (pyrimidine), the poly imidazole, polybenzothiazole 
^ 7A P^xfw?' ^fy° xad1 ^ me Poly quinoline, the poly quinoxaline, poly thiadiazole, Pori 
™ £ u 1 1 6 P ^ y ° XaZ ? le ' the p0ly thiazole > Polyvinyl pyridine, and polyvinyl imidazole. 

20. The hydrogen according to claim 17 or the direct methanol mold fuel cell said whose basic polymer is 
what is chosen from Pori (pyrimidine), the poly imidazole, the poly benzooxazole, Pori (pyridine), and the 
group that consists of the poly PENZU imidazole. 

21. The hydrogen according to claim 17 or the direct methanol mold fuel cell which the basic polymer 
electrolyte doped with the aforementioned acid guides from the poly PENZU imidazole 

£ ™ K rogen accor <Jing to claim 1 7 or the direct methanol mold fuel cell said whose acid is strong acid 
23. The hydrogen according to claim 17 or the direct methanol mold fuel cell said whose acid is a sulfuric ' 
acid or a phosphoric acid. 

doped withlht add" C ° ntaining the solid " state Polymer electrolyte membrane containing the basic polymer 

25. The acid fuel cell according to claim 24 said whose basic polymer is what is chosen from the group 
which consists of the poly PENZU imidazole, Pori (pyridine), Pori (pyrimidine), the poly imidazole, 
polybenzothiazole, the poly benzooxazole, polyoxadiazole, the poly quinoline, the poly quinoxaline, poly 
kSd^' (tetra " ZAPIREN )' the P° J y oxaz °le, *e poly thiazole, polyvinyl pyridine, and polyvfnyf 

26. The acid fuel cell according to claim 24 said whose basic polymer is what is chosen from Pori 

p^PENZU imXole 111 ^ 32016 ' ** ^ benZOOXazole ' Pori (P^dine), and the group that consists of the 

11 Z? 6 add , ce !J according to claim 24 said whose basic polymer is the poly PENZU imidazole 
28. The acid fuel cell containing the poly PENZU imidazole which said solid-state polymer electrolyte 
membrane doped with the phosphoric acid according to claim 24. 

29 The electrolyte cell containing the solid-state polymer electrolyte membrane containing the basic 
polymer doped with the acid. 

30 The electrolyte cell according to claim 29 said whose basic polymer is what is chosen from the group 
which consists of the poly PENZU imidazole, Pori (pyridine), Pori (pyrimidine), the poly imidazole 
polybenzothiazole, the poly benzooxazole, polyoxadiazole, the poly quinoline, the poly quinoxaline poly 
imfdazoTi 6 ' < tetra - ZAPIREN )> ™e P°ly °*azole, the poly thiazole, polyvinyl pyridine, and polyvfnyf 

31. The electrolyte cell according to claim 29 said whose basic polymer is what is chosen from Pori 
poly 1 PENZU im1d P a^ole midaZ ° le ' ^ benZOOxazole ' Pori (Pyridine), and the group that consists of the 

32. The electrolyte cell according to claim 29 said whose basic polymer is the poly PENZU imidazole I 
Electrolyte cell containing the poly PENZU imidazole which 33. aforementioned solid-state polymer ' 
electrolyte membrane doped with the phosphoric acid according to claim 29. 

34. How to manufacture a stable proton conductivity polymer at the temperature exceeding 100 degrees C 
including doping strong acid to a basic polymer on at least 200-mol% dopant level. 

35. The approach according to claim 34 said basic polymer is aromatic series 

36 The approach according to claim 34 said basic polymer is what is chosen from the group which consists 
of the poly PENZU imidazole, Pori (pyridine), Pori (pyrimidine), the poly imidazole, polybenzothiazole, the 
S°a mo2?n°^ P ol y° xad iazole, the poly quinoline, the poly quinoxaline, poly thiadiazole, Pori (tetra- 
ZAPTREN), the poly oxazole, the poly thiazole, polyvinyl pyridine, and polyvinyl imidazole 

37 The approach according to claim 34 said basic polymer is what is chosen from Pori (pyrimidine), the 
poly imidazole, the poly benzooxazole, Pori (pyridine), and the group that consists of the poly PENZU 
imidazole. 

38. The approach according to claim 34 said basic polymer is the poly PENZU imidazole 

39. The approach according to claim 34 said acid is strong acid. 

40. The approach according to claim 34 said acid is a sulfuric acid or a phosphoric acid. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Proton conductivity polymer Field of invention This invention relates to a solid-state polymer electrolyte 
useful to the fuel cell operated at an elevated temperature. Furthermore, this invention relates to use of a 
polymer electrolyte membrane with the capacity which flows through a proton in the temperature to at least 
200 degrees C at a detail, when using it for the fuel cell which operates with liquid fuel. 
Background of invention Considerable efforts had been directed towards development and a property 
elucidation of a perfluoro sulfonic-acid polymer electrolyte like Nafion [Nafion] for the past ten years. It 
became clear that it is what offers many advantages compared with the conventional electrolyte in use of 
electrochemical equipment [ like a fuel cell or electrolysis-of-water equipment ] whose polymer electrolyte 
membrane (PEM) is by such efforts. However, in order to maintain ion conductivity, in order that these 
electrolytes may maintain the form of a hydrate, those highest operating temperature is restricted to an 
inconvenient thing by 100 degrees C by ordinary pressure. 

Therefore, the fault of these well-known PEM ingredient poses a problem especially in the system made 
useful [ the polymer electrolyte which has high conductivity in the temperature exceeding 100 degrees C ]. 
One of such the applications is H2/02 fuel cell using the hydrogen which reforms (methane, methanol, etc.) 
and is taken out from an organic fuel, and this generates CO of a certain amount which carries out poisoning 
of the electrode catalyst. Another application is a direct type methanol fuel cell. Since the configuration of a 
current direct type methanol-air fuel cell was fully activity and did not have a catalyst with activity lower 
than it to an oxygen cathode to a methanol anode, it had been restricted greatly. This originates in poisoning 
of the catalyst being carried out with the carbon monoxide generated from the fuel currently operated less 
than [ the operating temperature of about 1 00 degrees C, or it ] directly. 

Another fault of a well-known PEM methanol-air fuel cell is that originate in a methanol crossing a cathode 
in large quantities from an anode through the film, a fuel, decline in the effectiveness by the chemical 
reaction of oxygen, and depolarization of the cathode produced as a result take place, and the engine 
performance of a fuel cell becomes low. 

Use of a solid-state polymer electrolyte offers the new policy which conquers the problem of the stability of 
these catalysts, and activity. However, the polymer to select must maintain stability and moderate ion 
conductivity at the temperature of about 200 degrees C, and must have an anode / cathode poisoning 
operation. Furthermore, in order to stop the degradation which happens by crossover, if such polymers are 
not the things equipped with other desirable properties, such as low methanol permeability, it will not 
become. 

It became clear that it is what can offer the useful alternative which the film containing the polymers 
containing the base which can form complex with a stable acid, or the polymers containing an acidic group 
replaces with the conventional electrolyte of well-known PEM or others. 

The poly PENZU imidazole (PBI) doped with a phosphoric acid or strong acid like a sulfuric acid is an 
example of a suitable polymer. It ranks with other suitable aromatic series polymers, sufficient basic poly 
PENZU imidazole derivatives to form an acid and complex show the outstanding oxidization and thermal 
stability, and these properties are further strengthened by doping on at least 200-mol % of level. It requires 
that these polymers have low water activity, and it is avoided that operating temperature is restricted by the 
boiling point of water by this. That it can operate at an elevated temperature, i.e., the temperature to at least 
200 degrees C, also becomes reducing the possibility of an anode / cathode poisoning again. Furthermore, 
since it has glass transition temperature with it, those ingredients do not receive the bad influence by the 
crossover of a methanol remarkably. [ the low and methanol bloating tendency by the methanol steam and ] 
[high] 
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Therefore, one of the purposes of this invention is to offer a solid-state polymer electrolyte without the 
known trouble relevant to the stability and activity of a catalyst. 

Another purpose of this invention is to offer the solid-state polymer electrolyte which maintains stability and 
moderate ion conductivity in the temperature to at least 200 degrees C. 

The further purpose of this invention can be used suitable for a direct type methanol fuel cell, and is to offer 
the solid-state polymer electrolyte whose permeability of the methanol which will start the degradation by 
the crossover of a methanol is not high. 

Outline of invention They are whether it is the basic polymer by which the polymer concerned was 
compound-ized with strong acid about the solid-state polymer electrolyte membrane which contains a stable 
proton conductivity polymer at the temperature to which this invention exceeds 100 degrees C, and an acid 
polymer. It is concerned also with this invention using still such film with an electrolysis cell and an acid 
fuel cell. It is related with especially this invention using the poly PENZU imidazole as a suitable polymer 
electrolyte membrane. 

Easy explanation of a drawing Drawing 1 is the graph which showed the conductivity of PBI which doped 

the phosphoric acid as a function of temperature and the partial pressure of water. 

Drawing 2 is the thermogravimetric analysis scan Fig. of the PBI film which has not been doped. 

Drawing 3 is the thermogravimetric analysis scan Fig. of the PBI film which doped the 20-mol % of sulfuric 

acid. 

Drawing 4 is a graph which shows the ******-spectrum of the PBI film which doped the phosphoric acid. 
Drawing 5 a-5c is a graph which shows polarization and the power-flux-density curve of an PBI fuel cell, 
drawing 5 a shows cell voltage as a function of a current, drawing 5 b shows a cathode and anode potential, 
respectively, and drawing 5 c shows the power of a cell as a function of current density. 
drawing 6 — methanol: — it is the graph which showed the polarization curve of the PBI fuel cell operated as 
a water fuel and an oxidant using oxygen, and the comparison of Pt anode and a Pt/Ru anode is shown. 
Detailed description This invention relates to the new solid-state polymer electrolyte which keeps sufficient 
ion conductivity stable in the temperature to at least 200 degrees C, in order to conquer the known problem 
about the stability of a catalyst, and conductivity. Specifically, this invention relates to what can be used for 
forming the film which they can use suitably as a solid-state polymer electrolyte membrane of a methanol- 
air fuel cell about the polymers containing the base which can form complex, or the polymers containing an 
acidic group with a stable acid. As an example of such a polymer, although not limited below, there are the 
poly PENZU imidazole, Pori (pyridine), Pori (pyrimidine), the poly imidazole, polybenzothiazole, the poly 
benzooxazole, polyoxadiazole, the poly quinoxaline, poly thiadiazole, Pori (tetra-ZAPIREN), etc. In this, 
especially an interesting thing is the poly PENZU imidazole (PBI) doped with a phosphoric acid or strong 
acid like a sulfuric acid. These polymer film shows the outstanding oxidation and thermal stability, and 
these properties are further strengthened by the acid property of a polymer. 

the solid-state polymer electrolyte membrane by this invention is stable in the temperature which exceeds 
100 degrees C to **, and the temperature to at least 200 degrees C — chemical and electrical characteristics 
are shown and it has the good capacity which has mechanical and a film property, and has fuel permeability 
proton conductive [ high ] and low, and conducts a proton under very low water activity. 
The polymer used by this invention is a polymer containing the base which can form complex with a stable 
acid. For example, the PBI polymer which doped a phosphoric acid, strong acid like a sulfuric acid, or a 
stable acid serves as a polymer electrolyte which forms easily the monolayer system which dissolved the 
acid into a polymer to an acid being only what is held in the hole of the second phase only inactive [ in a 
polymer system ] in the conventional phosphoric-acid system. 

The well-known commercial sulfonic-acid ionomers [Nafion 117] 117, for example, Nafion, and Dow- Jones 
560 [Dow560] depend on water for the dissolution of the proton generated by ionization of a sulfonic group 
now. If these polymers are put to the temperature of 1 00 degrees C or more with one atmospheric pressure, 
moisture also including the water which is dissolving hydronium ion will be lost. And the film contracts and 
conductivity is lost. Although an usable temperature requirement can be extended if a pressurization system 
is used, effectiveness, system-wide size, and system-wide weight will be sacrificed for this. For example, if 
the pressure of water is made into about 2 atmospheric pressures, it can be used at the temperature of 120 
degrees C. If it is going to make it the operating temperature of 200 more degrees C, the pressure required of 
such film will exceed far the range which can actually be used. 

As a suitable basic polymer which forms complex with a stable acid, there are the poly PENZU imidazole, 
Pori (pyridine), Pori (pyrimidine), the poly imidazole, polybenzothiazole, the poly benzooxazole, 
polyoxadiazole, the poly quinoxaline, poly thiadiazole, Pori (tetra-ZAPIREN), etc. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



12/14/2005 



JP,1 1-503262, A [DETAILED DESCRIPTION] 



Page 3 of 10 



Although these polymers contain various functional groups as follows, if the poly PENZU imidazole 



polymer is taken for an example : 
It is here and is R. : 





WW, 




They are joining chains, such as an alkane chain and a fluoroalkane chain. The example of other basic 



polymers is shown below. 






Jx 



N 




Q) 

S N 



Although it lacks in stability a little from the above-mentioned thing when the following polymers are used 
for a long period of time at 200 degrees C, at temperature with low 100-degree-C or more extent, it fully 
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:h 3 -ch+ 



:h 2 -ch— 

X 

N N~R| 

W 



Jx 



— CH 2 -CH 




-R, 




functions. 




H — CH 2 



It is R1=H, alkyl, phenyl, and pyridyl here, and each becomes independent of other RI association mutually. 

Another suitable polymer which functions similarly is the poly benzoscrew imidazole. : 
-N 




R and RI are as aforementioned here. 

In the above-mentioned polymer, further, the function of NR1 can be permuted by X and is X=0 or S in this 



case. 



Itself is protonated easily, and the above-mentioned basic polymers show the further excellent thermal 
stability, when the molecule consists of only aromatic series radicals. As said R and RI, and basic polymers 



suitable in addition to this which can be permuted by X radical, they are oxazoles. 




Thiazoles 



There are Pori (OKISA diazoles) and thiadiazole and these two commit the joint radical of benzimidazole, 
benzooxazole, and benzothiazole polymers as a main base. 
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The above-mentioned association can be used in all possible locations, and it can form a copolymer using 
which an usable radical as known by this contractor. 

Although quinoxalines are the least desirable in the above, this is because basicity is the lowest in the above- 
mentioned polymers. However, if this is also doped, it will fully function as PEM. These polymers that 
show solubility from the dilution acid used by this invention can be made still more stable by making a 
crosslinking bond in the film by either of much well-known crosslinking bond technique including a free 
radical crosslinking bond. 

Basic polymers desirable in the above are Pori (pyrimidine), the poly imidazole, and the poly benzooxazole, 
and the most desirable basic polymers are the poly PENZU imidazole used as instantiation in the following 
indications, and Pori (pyridine). 

As suitable polymers, acid polymers, i.e., the polymers containing an acid radical, for example, sulfonate, 
phosphonate, BORONETO, etc. are mentioned again. For example, 




(S0 3 H) n 



J X 



S0 3 H 
I J x 





CH^-POCOHk 



And it is similar polymers, R is as aforementioned here, Y is -O-, -S-, -S02-, -CH-, or CH2, and n is 0 or 1 . 
Although all the polymers shown here contain a sulfuric-acid radical altogether except for the poly PENZU 
imidazole, even if these use a boric-acid radical or a phosphoric-acid radical, they can be made. This can 
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halogenate a polymer frame and can obtain it by making them react with trialkyl -, aryl-borate, or trialkyl - 
or aryl phosphate. 

In the above, sulfonate is desirable as a polymer containing an acid radical, and it is the most desirable as 
polymers in which phosphonate contains an acid radical. 

Although the desirable PEM poly PENZU imidazole film is made by compounding the poly PENZU 
imidazole film which doped a sulfuric acid or strong acid like a phosphoric acid, in order to consider as the 
polymer combined with the poly PENZU imidazole which the acid anion protonated, it dopes a sulfuric acid 
or strong acid like a phosphoric acid. The proton is ionized with the basic nitrogen atom in the 



benzimidazole ring, as shown below. : 




Generally, the polymers containing Base B are protonated by strong acid like a phosphoric acid, and it 

serves as a solid-state polymer electrolyte. 

(B-R), 

H 2 PO* 



Having the oxidation and thermal stability which were excellent as mentioned above is known, and PBI is 
further stabilized by the reaction with the acid to dope. When using a sulfuric acid, the benzene ring is 
sulfonate-ized at the reaction in the temperature exceeding 200 degrees C, and it becomes the form where 
the S03H set was attached. The proton which moves about between the base parts of a polymer compound, 
and/or the absorbed free acid raise ion conductivity. Since the ingredient is a single phase gestalt, the barrier 
property of these film is still higher as compared with what consists of a two phase of nonpolar 
fluorocarbon / polar ionicity film. A "single phase gestalt" is contrast with the two phase system which 
consists of a polar phase and a nonpolar phase, and means the microscopic continuation matrix of the single 
matter. 

In the fuel cell which used suitable fuels, such as a methanol, this PBI polymer electrolyte membrane leads a 
proton to an oxygen cathode from a fuel electrode. The carbon monoxide which exists in a fuel like the 
hydrogen by which reforming was carried out carries out poisoning of the platinum catalyst currently 
generally used to a fuel cell. In liquid fuel like a methanol, since a carbon monoxide is generated as 
intermediate field of the oxidation process of a fuel, a poisoning operation becomes still stronger. However, 
if it becomes an elevated temperature near 200 degrees C, a carbon monoxide will oxidize by actuation of a 
cell and it will become a carbon dioxide, and even if there is a poisoning operation of a carbon monoxide, 
catalytic activity is strengthened remarkably. However, before this invention, there was no proton 
conductivity polymer electrolyte which can be operated at the temperature of at least 200 about degrees C. 
The above-mentioned property of an PBI polymer is looked at by the polymers of above others which can be 
suitably used as a polymer electrolyte membrane. For example, the poly PENZU imidazole, Pori (pyridine), 
Pori (pyrimidine), the poly imidazole, polybenzothiazole, the poly benzooxazole, polyoxadiazole, the poly 
quinoxaline, poly thiadiazole, and Pori (tetra-ZAPIREN) show high proton conductivity and low methanol 
permeability from it being what has a single phase gestalt, respectively. 

This invention is explained below, referring to the example of use of a desirable embodiment, i.e., the poly 
PENZU imidazole polymer. The following examples and related test datas are mere instantiation, and do not 
limit this invention. Other possible modification of the description, a manufacturing method, its directions, 
etc. of modification of the shown parameter and an ingredient shall be included by this invention, when it is 
obvious to this contractor and they go into the range of this specification and an attached claim. For 
example, if it is a skillful engineer, it will be possible to replace with the illustrated polymer and to obtain a 
good result using the above suitable polymers. 

Preparation of PEM The polymer (20%) was dissolved into the dimethylacetamide (DMAc) containing LiCl 
(2%), it lengthened on the pure glass plate using the Gardner knife, and the film of the poly PENZU 
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imidazole was prepared. The film was heated at 140 degrees C for 15 minutes in air. The film was 
demounted from the glass plate, it heated at 90 degrees C in vacuum oven overnight, and the film was dried. 
Then, LiCl was extracted from the film using water. H2S04 or H3P04 was doped on the film by acid 
absorption from a water solution. 

In order to show the engine performance of PBI by this invention more completely, other polymer 
electrolyte membranes were obtained and the same test condition estimated. By the following test, it is the 
following, and the Nafion film was made and prepared. Nafion 117 (acid type) film came to hand from Du 
Pont, and it hydrated by dipping in a boiling water for 4 hours. It placed into distilled water or considered as 
equilibrium with the phosphoric acid after hydrating until it used the sample. 

Measurement of conductivity Conductivity was measured with the equipment of a four-point probe. Two 
platinum-foil electrodes were fixed to the edge of the polymer sample of 3cm(L) x0.5cm(W) with this 
equipment. 

These electrodes were used for passing a current to a sample. The magnitude and the frequency of force 
current were controlled using a PARI 73 mold potentiostat / galvanostat, and a Wavetekl86 mold signal 
generator. Two platinum wires (diameter: 0.5mm) detached 1cm were used, and the sag in the center of a 
sample was measured. The amplitude measurement was performed on three or more current level, and it 
checked that voltage-current behavior was resistance. The current was impressed by two different 
frequencies 100 and 1000Hz. Frequency dependent was not observed. It put in in the container made from 
the stainless steel which sealed the whole equipment. 

While placing this container into oven, it connects with a gas manifold system and enabled it to control the 
temperature of the gas phase in contact with a sample, a pressure, and a presentation. After exhausting a eel 
partially, the water partial pressure which pours in and needs sufficient water through a diaphragm was 
produced, and measurement which made the function the partial pressure of the water in the temperature 
exceeding 1 00 degrees C by this was performed. 

The result of the conductivity test performed with the partial pressure of the water of 170 degrees C and 
400torr about each film is shown in Table 1 . The conductivity and sag at the time of operating a fuel cell by 
100 mA/cm2 are shown. The sample of PBI contained H2S04 of about 2.5 molecules to about 250-mol% 
H2S04, i.e., each polymer repeat unit. 

m i 
mmmm 



my 




z$ W, ^ 
ohm 'cm -1 


100mA/cm 2 T© 


1 1 7 


8 0°C 
SAT H 2 0 


0 . 0 7 


2 9 mV 


1 1 7 


1 2 0 °C 
4 0 0 t 0 r r 
H 2 0 


0 . 0 0 3 6 


5 5 5 mV 
(8 m i 1 ) 


PBI/ 
H 2 S0 4 


1 7 0°C 
4 0 0 torr 
H2O 


0 . 0 2 


2 5 mV 
(2m i 1 ) 


PBI/ 
H3PO4 


1 8 0'C 
4 0 8 torr 
H 2 0 


0. 0 1 


5 OmV - 



The result of the conductivity test about the poly PENZU imidazole ingredient which doped the phosphoric 
acid is shown also in drawing 1 as a function of temperature and the partial pressure of water. The sample of 
this PBI contained H3P04 of about 3.34 molecules to about 334-mol% H3P04, i.e., each repeat unit. In this 
graph, conductivity is drawn as a function of the activity of water about the temperature of 130 degrees C - 
197 degrees C. Conductivity increases with the activity of temperature and water. The resistance loss within 
a fuel cell falls and effectiveness becomes high, so that conductivity is large. Conductivity is larger order 
than the conductivity of Nafion under the conditions same at least. 
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Penetrable measurement The close volume (closed volume) technique was used and the permeability of the 
oxygen which lets the PBI film by this invention doped by H2S04 pass was measured. Permeability was 
measured by the same approach as Nafion which equilibrated with Nafion 117 which equilibrated with the 
phosphoric acid, and water. The result was summarized in Table 2. The column of current density expresses 
current density equivalent to the flux which crosses the film when making differential pressure of one 
atmospheric pressure into driving force. This equivalence current density is calculated as i=nFN. However, 
in the case of an oxygen reduction reaction, it is n= 4, F is a Faraday constant, and N is flux. 



m/mmm 




MSSe^S (mA/cra 2 ) 


PB I/H 2 S0 4 


8 0 


0 . 0 8 


±7 4 *y 1 1 7/H 2 0 


8 0 


0. 6 — 0. 8 


i-y 4 *y l l 7/h 3 po 4 


1 2 3 


0 . 3 5 — 0. 45 


±y <\ is- y l l 7 /H3PO4 


1 5 0 


* 

0 . 2 5 ~ 0 . 6 7 



The oxygen permeability in the temperature exceeding 100 degrees C of Nafion which equilibrated with the 
phosphoric acid resembles closely the 80-degree C oxygen permeability of Nafion which equilibrated with 
water. Such permeability won the permeability of the oxygen in the inside of a phosphoric acid. Therefore, 
the engine performance of a cathode improves by existence of Nafion. This is because oxygen can cross a 
catalytic site more easily. Since solubility of oxygen is low, it is [ crossover loss of oxygen ] reliable. The 
oxygen permeability of the poly PENZU imidazole ingredient expected that a good barrier property is 
shown was the lowest. However, in the application of a fuel cell, it is suitable also at such permeability. 
The permeability of other gas in the inside of PBI which doped the acid is shown in Table 3. The rate of a 
methanol crossover about PBI is the order of 5 - 1 1 mA/cm2. The amount of this crossover is low compared 
with the following cell. Namely, S. Cato (Kato) 

J.Membrane Are shown by the measurement of 250mA/cm2 based on Science and the 
PURIBEIPARESHON data in 72 (1992). The value in 80 degrees C of the liquid supply direct methanol 
fuel cell which has Nafion 1 17 is 100 - 250 mA/cm2. S. Narayanan et al. (Narayanan), Electrochemical 
Enlargement abstract of Society, By the liquid supply PEM cell in Vol.93-2, p. 126, Pennington, and NJ 
(1993), they are 100 mA/cm2. D. MARIKURU et al. (Maricle), Electrochemical By the liquid supply PEM 
cell in the enlargement abstract of Society, Vol.94-1, p.58, Pennington, and NJ (1994), they are 100 
mA/cm2 in 100 ASF. 
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A transmission coefficient is given by the barrel (barrer). 

1 barrel = 10-10cm3 (STP) cm/cm2s Entry of cmHg plurality shows the result obtained from two or more 
samples. 

Equivalence current density is a value in the differential pressure of one atmospheric pressure. 
The level of doping of H2S04 is 247-mol%. 
The level of doping of H3P04 is 338-mol%. 

Measurement of thermal stability While using thermogravimetric analysis (TGA) and investigating the 
thermal stability of the poly PENZU imidazole, the reaction between the PBI film and a sulfuric acid was 
followed. Drawing 2 shows the TGA scan about the PBI film which has not doped in nitrogen. The heating 
rate was a part for 10-degree-C/. The PBI film disappeared moisture at about 80 degrees C, and caused heat 
deterioration at 550 degrees C. TGA of PBI doped with the about 20-mol % of sulfuric acid is shown in 
drawing 3 . An analysis result disappears moisture at 100 degrees C, and having produced the reduction in 
weight from 330 degrees C and 415 degrees C further twice is shown. Reduction of the 330-degree C 
beginning is because an acid and PBI reacted and the sulfonic group was generated, and the 2nd reduction is 
because S02 or S03 probably disappeared from the polymer. Reduction of the weight resulting from heat 
deterioration is moving to 600 degrees C, and this shows that membranous thermal stability has been 
improved by the reaction with the absorbed acid. 

Drawing 4 shows the ******-spectrum of the PBI film (this film is an about 50-% of the weight phosphoric 
acid) doped with the 3 20-mol % of phosphoric acid. The modulus in the room temperature before heating is 
common as a glassiness polymer. In the first heating, a modulus falls and the plateau section which is about 
2x109 pascals is reached. Among 160 degrees C - 200 degrees C, the modulus fell to about 8x108 pascals, 
and reached at the plateau section. With the 2nd heating, at first, the high modulus (1x1010 pascals) began 
to fall at 150 degrees C, and reached the lxl09-pascal plateau section. The modulus of PEM will be set to 
3x109 when used as a fuel cell. This value is an about 104 times higher value compared with NAFIRON in 
150 degrees C. Since the film is hard, the film can be made thin, without being accompanied by the 
deformation when installing in a fuel cell. When the film becomes thin, electric resistance becomes low and 
effectiveness improves. 

Drawing 5 shows polarization and the power- flux-density curve of an PBI fuel cell which operate at 150 
degrees C by hydrogen and oxygen. The film was 0.075mm PBI film which doped % of 470-molH3PO4. 
Gas was made to become wet with very low level (20 degree-C 02, 48 degree-C H2). It carried out within 
the micro fuel cell sentimental [ square / 1 ] which has the electrode (0.5mg Pt/cm2) which supported 
platinum on carbon. Cell voltage is shown in drawing 5 as a function of a current. An IR-free curve 
expresses the data which deducted membranous resistance loss. This curve shows the effectiveness of an 
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electrode (in a high electrical-potential-difference value, effectiveness becomes higher). The power of a fuel 
cell is the product of an electrical potential difference and a current, and shows this to drawing 5 C. This 
curve shows that power reaches the maximum of about 0.25 W/cm2 in about 700 mA/cm2. When it takes 
into consideration operating temperature and not humidifying gas substantially, this power level is very high 
as a PEM fuel cell. The polarity of drawing 5 B shows the potential of a cathode and an anode, the voltage 
drop of an electrode is very small, and it expresses that it is less than two 10 mA/cm. This fuel cell can 
improve the engine performance by not optimizing, using the thinner film and making structure of an 
electrode better. 

Drawing 6 shows the polarization curve of an PBI fuel cell which uses the mixture of a methanol and water 
as a fuel and operates considering oxygen as an oxidant. KARIDO has Pt at a rate of 4 mg/cm2 on carbon, 
and the anode was the Pt/Ru alloy of 1 .2 mg/cm2. The film was 0.075-0.09mm PBI film which doped % of 
450-molH3PO4. The anode which has Pt black catalyst is also reported for a comparison. In the methanol 
fuel cell which operates at these 150 degrees C that is not optimized, the cell voltage of 0.3 volts was 
obtained in 100 mA/cm2. 

The example described this invention. It is clear by reading and understanding the above-mentioned detailed 
publication that deformation is performed and a change can be made. If it goes into an attached claim, and 
this and the equal range, this invention will be interpreted as what includes those deformation and 
modification. 



[Translation done.] 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 
[Drawing 1] 
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[Drawing 2] 
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[Drawing 6] 
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[Translation done.] 
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